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PROBLEM TO BE SOLVED: To load a semiconductor 
device by integrating semiconductor elements, and to 
provide a compact semiconductor device having a 
composite function. 

SOLUTION: Wiring patterns 22a, 22b, 22c, and 22d are 
limited in multiple layers through insulating layers 
26a, 26b, and 22c on a substrate 30, and the wiring 
patterns are electrically connected in the layers in 
this semiconductor device. In this case, semiconductor 
elements 12 electrically connected with the wiring 
patterns are embedded and loaded In wiring layers in the 
inner layers in which the wiring patterns are formed. 
The wiring layers in the inner layers are provided with 
the insulating layers 26a, 26b, 26c, and 26d with almost 
the same thickness as the thickness of the semiconductor 
elements for covering the wiring patterns in the lower 
layer, and for sealing the side faces of the 
semiconductor elements loaded in the inner layers with 
the electrode terminal formation faces as the upper 
faces, and the wiring patterns in the upper layer 
electrically connected through a via 32 formed through 
the insulating layers with the wiring patterns in the 
lower layer, formed on the surface of the insulating 
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[Embodiments] A preferred embodiment of the present 
invention will be described, in conjunction with the 
drawings, below. Fig. 1 and Fig. 2 are explanatory diagrams 
showing in order a method of manufacturing a semiconductor 
device in accordance with the present invention. According 
to the present embodiment, a double-sided copper-clad 
substrate, having a copper foil bonded to both sides of a 
resin substrate, is adopted as a substrate in which multiple 
wiring layers are formed. A part from the resin substrate, a 
metallic substrate or a metal-core substrate will serve. 
Firstly, a method of forming a semiconductor device using the 
resin substrate as the material of a wiring board will be 
described below. 

[0010] Fig. 1(a) shows a substrate 30 having wiring patterns 
22a and 23 formed on one side of a resin substrate 20 and on 
the other side thereof respectively. The wiring patterns 22a 
and 23 are electrically connected to each other via 
conducting members 2 4 that penetrate through the resin 
substrate 20 in the direction of thickness. The substrate 30 
is completed by the steps of: forming through holes in a 
double-sided copper-clad substrate; forming a conductor film 
on the internal-wall surfaces of the through holes by 
performing electroless copper plating and electrolytic copper 
plating; filling the through holes with a resin; and etching 
the conductor layer that is formed with the plating deposited 
on a copper foil put on the surface of the resin substrate 20 
during the plating process so as to form the wiring patterns 
22a and 23. The conductor films formed on the internal wall 
surfaces of the through holes serve as the conducting members 
24 that electrically link the wiring patterns 22a and 23. 
[0011] The substrate 30 may have multiple layers of wiring 
patterns, for example, four wiring layers formed on both the 
sides of the resin substrate 20. The substrate 30 acts as a 
core substrate of a multilayer wiring board. As for a 
substrate having multiple wiring layers formed therein, after 
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the lower-layer wiring pattern is formed, the wiring pattern 
is covered with a dielectric layer. Via holes are bored in 
the dielectric layer by irradiating laser light. The surface 
of the dielectric layer including the internal surfaces of 
the via holes is covered with a conductor layer. The 
conductor layer is then etched in the form of a required 
pattern. According to another process, a step of boring 
through holes in a resin substrate is preceded by a step of 
covering a wiring pattern with a dielectric layer. After the 
through holes are bored in the resin substrate coated with 
the dielectric layer, a conductor member is formed in the 
internal wall surfaces of the through holes, and a conductor 
layer is formed on the surface of the dielectric layer. The 
conductor layer is then etched in order to form an upper- 
layer wiring pattern. 

[0012] Fig. 1(b) shows a subsequent state in which 
semiconductor elements 12 are mounted on the substrate 30. 
The semiconductor elements 12 are mounted on the first wiring 
layer with the functioning surfaces thereof facing upward. 
The wiring pattern 22a is formed as a predetermined pattern 
in consideration of the positions at which the semiconductor 
elements 12 are mounted and the electric connection with the 
upper-layer wiring pattern. For example, a process of 
forming the wiring pattern 22a forms the wiring pattern 22a 
so that the potential at the locations of the semiconductor 
elements 12 will be a ground potential. As illustrated, the 
semiconductor elements 12 are mounted at a plurality of 
positions within a planar range on the substrate 30. 
[0013] The semiconductor device in accordance with the 
present embodiment has the semiconductor elements 12 layered 
on one side of the substrate 30. The wiring pattern 23 
formed on the lower side of the substrate 30 included in the 
present embodiment is utilized as lands to which external 
connection terminals such as solder balls are attached. 
Depending on a product form, the semiconductor elements 12 
may be mounted on both the sides of the substrate 30. As the 
semiconductor elements 12 are layered within the substrate, a 
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semiconductor element having the smallest possible thickness 
should be adopted as the semiconductor elements 12. 
Currently, semiconductor elements whose thicknesses range 
from about 50 [im to 100 pirn are available- As long as the 
thickness of the semiconductor elements 12 falls within the 
range, the semiconductor elements can be layered and embedded 
in the substrate. 

[0014] Fig. 1(c) shows a subsequent state in which the 
first-layer wiring pattern 22a is covered with a dielectric 
layer 26a. Reference numeral 28 denotes a via hole that 
provides a via through which the wiring layers are 
electrically interconnected. According to the present 
embodiment, when the dielectric layer 2 6a is formed, the 
dielectric layer 2 6a is formed to have substantially the same 
thickness as the semiconductor elements 12 have to prevent 
the electrode forming surfaces (upper sides) of the 
semiconductor elements 12 being covered with the dielectric 
layer 26a. This is because the semiconductor elements 12 and 
wiring pattern are electrically connected to one another via 
a conductor layer formed on the surface of the dielectric 
layer 26a. 

[0015] A film having element storage holes 40a bored at 
positions corresponding to the locations of the semiconductor 
elements 12 is adopted as a dielectric resin film 40 with 
which the dielectric 26a is formed in order not to cover the 
electrode forming surfaces of the semiconductor elements 12 
with the dielectric layer 26a. Fig. 3 shows a process of 
bonding the dielectric resin film 40 to the substrate. The 
dielectric resin film 40 having the element storage holes 40a 
bored therein is aligned with the substrate (Fig. 3(a)), and 
placed on the substrate (Fig. 3(b)). As the element storage 
holes 40a are bored in the dielectric resin film 40, the 
dielectric resin film 40 is placed without covering the 
electrode forming surfaces of the semiconductor elements 12. 
[0016] After the dielectric resin film 40 is placed on the 
substrate, the dielectric resin film 40 is heated and pressed 
in order to form the dielectric layer 26a (Fig. 3(c)). The 
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heating and pressing is intended to reliably bond the 
dielectric resin film 40 to the substrate and to make the 
surface of the dielectric layer 26a flush with the surfaces 
of the semiconductor elements 12. According to the present 
embodiment, the dielectric resin film 40 and the surfaces of 
the semiconductor elements 12 are covered with a release film 
42 , and are heated and pressed via the release film 42 using 
a heating plate 44. Consequently, the lateral sides of the 
semiconductor elements 12 are sealed. The reason why thermo- 
compression bonding is performed via the release film 42 is 
to prevent the electrode forming surfaces of the 
semiconductor elements 12 from being contaminated while the 
dielectric resin film 40 is heated and pressed to be bonded 
to the substrate. 

[0017] A film having required heat resistance and readily 
peeled off from the dielectric resin film 40 (dielectric 
layer 2 6a) and semiconductor elements 12 is adopted as the 
release film 42. As the dielectric resin film 40, for 
example, a polyimide resin having a bonding ability can be 
adopted. The element storage holes 40a bored in the 
dielectric resin film 40 have the same dimension as the 
semiconductor elements 12 have or are made slightly larger 
than the semiconductor elements 12. Moreover, the dielectric 
resin film 40 has the same thickness as the semiconductor 
elements 12 or is made slightly thicker than the 
semiconductor elements 12. After the dielectric layer 26a is 
formed, laser light is irradiated to required regions of the 
dielectric layer 26a in order to form the via holes 28 
through the bottom of which the wiring pattern 22a is laid 
bare. Thus, the dielectric layer 26a having the via holes 28 
formed therein is completed as shown in Fig. 1(c). 
[0018] Fig. 1(d) shows a state in which a second-layer 
wiring pattern 22b is formed on the surface of the dielectric 
layer 26a. The second-layer wiring pattern 22b is completed 
according to a process described below. Firstly, electroless 
copper plating or sputtering is performed on the dielectric 
layer 26a in order to form a thin conducting layer, which 
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serves as a plating feeder layer with which electrolytic 
plating is achieved, over the surface of the dielectric layer 
26a including the internal wall surfaces of the via holes 28 
as well as the surfaces of the semiconductor elements 27. 
Thereafter, a photoresist is applied to the surface of the 
thin conducting layer in order to form a resist pattern 
having a portion of the thin conducting layer, which 
corresponds to an area in which the second-layer wiring 
pattern 22b is formed, laid bare. Thereafter, electrolytic 
copper plating is performed with the resist pattern used as a 
plating mask and the thin conducting layer used as a plating 
feeder layer, whereby a thick conductor layer is formed. 
After the conductor layer is formed, the resist pattern used 
for the electrolytic plating is removed, and the bare portion 
of the thin plating feeder layer is etched and thus removed 
with the thick conductor layer left intact. Consequently, 
the wiring pattern 22b is formed on the dielectric layer 26a. 
[0019] The conductor layer adheres to the internal surfaces 
of the via holes 28, whereby vias 32 electrically linking the 
first-layer wiring pattern 22a and the second-layer wiring 
pattern 22b are formed. Moreover, a connection pattern 34 
electrically connected to the electrodes of the semiconductor 
elements 12 is formed on the electrode forming surfaces of 
the semiconductor elements 12. The connection pattern 34 is 
formed to extend to the electrode forming surfaces of the 
semiconductor elements 12 so as to come into contact with the 
electrodes. As described previously, the surface of the 
dielectric layer 26a and the electrode forming surfaces of 
the semiconductor elements 12 are made flush with one 
another. Therefore, after the thin conducting layer is 
formed as a plating feeder layer, if electrolytic plating is 
performed using the plating resist pattern, the connection 
pattern 34 is formed concurrently with the wiring pattern. 
The connection pattern 34 is contained as part of the wiring 
pattern in the wiring layer. As both a routing pattern and 
the connection pattern 34 connected to the semiconductor 
elements 12 are contained in the wiring layer, the pattern in 
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the wiring layer is referred to as the wiring pattern. 
[002 0] Fig. 1(e) shows a state in which the semiconductor 
elements 12 are mounted on the second-layer wiring pattern 
22b. Similarly to the process of mounting the semiconductor 
elements 12 on the first-layer wiring pattern 22a, the 
semiconductor elements 12 are aligned with the wiring pattern 
22b with the electrode forming surfaces thereof facing 
upwards, and then mounted thereon. Fig. 1(f) shows a 
subsequent state in which the second-layer wiring pattern 22b 
is covered with a dielectric layer 26b. The dielectric layer 
26b is formed in the same manner as the dielectric layer 26a 
is. Namely, thermo-compression bonding is performed on a 
dielectric resin film that has element storage holes bored at 
positions corresponding to the locations of the semiconductor 
elements 12, so that the electrode forming surfaces of the 
semiconductor elements 12 and the surface of the dielectric 
layer 26b will be flush with one another. Reference numeral 
28 denotes a via hole bored in the dielectric layer 26b. 
[0021] Fig. 2(a) shows a state in which a third-layer wiring 
pattern 22c is formed on the surface of the dielectric layer 
26b. Reference numeral 32 denotes a via that electrically 
links the second-layer wiring pattern 22b and third-layer 
wiring pattern 22c. The connection pattern 34 electrically 
connected to the electrodes of the semiconductor elements 12 
is formed on the wiring pattern 22c in the same manner as it 
is formed on the second-layer wiring pattern. Fig. 2(b) 
shows a state in which the semiconductor elements 12 are 
mounted on the third-layer wiring pattern 22c. Even in this 
case, the semiconductor elements 12 are mounted with the 
electrode forming surfaces thereof facing upward. Fig. 2(c) 
shows a state in which the wiring pattern 22c is covered with 
a dielectric layer 26c. The dielectric layer 26c is formed 
so that the electrode forming surfaces of the semiconductor 
elements 12 and the surface of the dielectric layer 26c are 
flush with one another. 

[0022] Fig. 2(d) shows a state in which a conductor layer is 
formed on the surface of the dielectric layer 26c, and etched 



- 6 - 



in order to form a fourth-layer wiring pattern 22d. The 
fourth-layer wiring pattern 22d is electrically connected to 
the third-layer wiring pattern 22c through the via 32 , and is 
electrically connected to the semiconductor elements 12 via 
the connection pattern 34. Referring to Fig. 2(e), after the 
fourth-layer wiring pattern 22d is formed, the surface of the 
fourth-layer wiring pattern 22d is covered with a solder 
resist 36 serving as a protective film. Moreover, the wiring 
pattern 23 formed on the lower side of the substrate 30 is 
covered with the solder resist 36. The solder resist 36 with 
which the surface of the wiring pattern 22d is covered is 
deposited so that parts of the wiring pattern 22d will be 
bare, as connection members 38, at the bottoms of valleys and 
at positions corresponding to the locations of connection 
terminals of semiconductor elements to be mounted on the 
uppermost layer. On the other hand, the solder resist 36 
with which the wiring pattern 23 is covered is deposited so 
that lands 23a will be bared at the bottoms of valleys 
thereof. A protective plating such as a metallic plating is 
deposited on the surfaces of the connection members 3 8 and 
lands 23a. 

[0023] The multilayer wiring board shown in Fig. 2(e) has 
the semiconductor elements 12 arranged in the internal layers 
thereof, and has a plurality of wiring layers electrically 
interconnected with the resin substrate 20 used as a 
substrate. Fig. 4 shows the final state of the semiconductor 
device, that is, the multilayer wiring board shown in Fig. 
2(e) having the semiconductor elements 12 mounted on the 
uppermost-layer wiring pattern 22d with bumps 3 9 between 
them, and having solder balls attached as the external 
connection terminals 50 to the lands 23a on the wiring 
pattern 23. Multiple wiring layers are formed on one side of 
the resin substrate 20, and the semiconductor elements 12 are 
embedded in the wiring layers. Moreover, the external 
connection terminals 50 electrically connected to the 
semiconductor elements 12 are attached to the other side of 
the resin substrate 20. 



- 7 - 



[0024] The semiconductor device appears to have the 
semiconductor elements 12 mounted on one side of the wiring 
board and have the external connection terminals, which are 
used for mounting, attached to the other side thereof. The 
semiconductor elements 12 are incorporated in the multilayer 
wiring board. The degree of integration of the semiconductor 
elements 12 is very high. The semiconductor device can be 
provided as a compact semiconductor device having complex 
features. Moreover, the manufacturing method is based on a 
conventional method of forming multiple wiring layers with a 
dielectric layer between adjoining layers. Electric 
connections among the semiconductor elements 12 embedded in 
the wiring layers and the wiring patterns can be established. 
The high reliability the semiconductor device is required to 
provide can be ensured. 
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>3 4#»»lSSn*. *«/^->3 4tt*»#*?l 

jK$nSlSS^/1^->3 4££fctc*tJ*#T?E«/^ 

[0 0 2 0] 8 1(e) 82|(0B«^->2 2b 

/**->2 2 aiC*»#*^l 2**(RUfc*»tH«l 
fc, fffiS^MS^lB^t, Et/^->2 2bi: 
fiBftfettbT****^ 2$r^«-r^>o 0 1(f) 50 
tt, *tc, »2lOE«^->22b*«M26b 
«C±-iT««bfctt«T**. *ft»»2 6 bfc*6»«2 
6 atJMEbfcfcfWfc* aMHM^Pl 2<DE«'fcftfc 

^SgftSf^l 2©tS«fMIt»8»2 6b©8I 

ftB2 6 b(:Mtfct7ATS)§o 
[0 0 2 1] 0 2(a) ft, tfiftl|2 6 b<D^@lr^3® 
BOE«^->2 2 c €:»J58l/fctt«-C**p 3 2^ 
^2i@OffiS/^->2 2 bt»3B<Z>E«^*-> 40 
2 2c t&tSlWl:ft«ttSk:7T*So B*/**-> 
2 2ctr^, JB2IBBO«fttR*IC, *W*fl2 
©«H^t«ftWJw»«-rfttt«^^--> 3 4 
f*. 0 2(b) 14, 3§3/g@C9E®/t*->2 2clC* 
12t«*L*:ttit»5. «fi 
M^»ritaft±ffi^bT*«#* : f 1 2«:15ttt-S. 0 
2(c) I3> 8>y^-> 2 2 c tttU 2 6 c CJ:t?T 

tmmm 2 6c osiBt^Bff-wvisBs^asct-sifta 

|2 6c$Mt^ 50 
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[0 0 2 2] 02(d) tt, ttfkll 26c <D*an»#H 

>2 2 d*JgflELfcttlBT*S. ^4gC0E^/1^-> 
22dt)t73 2^LXmSM(0mW^->2 2 c 

m=ri 2£«««KS«sft*. 12W a 4 no 

E8l/t^->2 2 dt»«Lfe», JMJI©B>M*- 

>2 2 d<Dmm*&mm<DV)\,y-i'i;x h 3 6(c£o 

tSSU g<£3 OOTiBiOE«/^'->2 3«V;i/^ 

h 3 6 la^xsgt^o E«/^->2 2 d 
«r**»(**^o*«»^*E««fc««c**)-&Tii5a 
<dt&£* e«^^->2 3**B-r*yj^- 

kv?X H36tt7>H23 a ^SffiTSffltSi 5 fctt 
Wfct><DT*S. *JRffl3 8&tf7>H 2 3 a(0ill: 

[0 0 2 3] 0 2(e) KST^BEfcaSfcttrtBK** 

t LTiimT*«Wfc*«bfc*»©E«iB^***n 

fc 0 4^0 2(e) t^"r#HE«S<g , Tf, 

R±B<0E«/^->2 2 dl:A*>"/3 9 ^It^i 
1 2«ft« E»/^->2 307>H23a 

±lc*HfcElfclB^»flc*n, ^n&OEIWB + K*** 

»m=?i 2 a«ffl»ii*ft* ®jigs«2 oote 

[0 0 2 4] c<o**#«Btt^W-tttE«afi«a>-* 
fi!t$nfcE««fficortfiStc^»#*^ 1 2 0frtft3irr 

mfcznx^z^tfrz, *m##¥i 2 

jfi^at>tt»Jl*^L/TE*)B*#Ji^»* , rs«** 

•yi 2 tE»^^->^©ta«i8«*»«T*, 

[0 0 2 5] H5tt*58W^ffi-5¥»**H^>tt©*« 
1 2 £*It9:LTg<£3 O<0— #<BffiJb0*KE«H£«S 

rt-rsttfefc* *«iic»j«bfcEi»Ji©*HHfc^«« 

So B»t5EMo«Bi:»»12 6fiR«:ti: 
cfc*9, B»JBT©*W**^i 2©EBttB^iW»* 1 » 
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[0 0 2 6] 0 6 \$m 5 K^-f *g{*:gg£$iig-f £X 
SSST. 0 6(a) ttSS3 OtiMJBTJBflcffiSiii 
«tl/T*»#*fl 2*«fi6U ¥ag#3^1 2(01 
®P B 1^*e^S 2 6 KJ;oT£fihU tfittff 2 6 <DSffi<h 
2<D*fflfcE«^*->2 2*»l£bfctt 

a {z^m&m^ 1 2 axe 3 o zth°i 

Ml 2 6 tt±«l/ft3llt»*tH*i:, ¥ 
»#*f 1 2 ©EifilWfctr*?««l?l**«L 
fc*»»IB7-f Jl^A4 0**K3 o±k:EIU U >J- 

^1 2<0«ffi**^lLT*<!:£fcK:> 2 0* 

[0 0 2 7] Ei»A*->2 2»l6»ff 2 6&£tf¥^ 

CD*®i::Et8/1*->2 2£^t-££#<OU> ? X 

J;oT«t^ 06(b) ttE»/**-->2 2«:ttW■ 
fcffi£l6»»2 6K<koT*HU TlOS8/^-> 
2 2MItSlHt4t: , 7A2 8^ff^l/c1«T$» 

[0 0 2 8] 0 6(c) »MSbfe«K«tt£:n«ta:^& 
\Z&*D. H7A2 8l:f7 3 2£MU t73 2^ 

3„ 0 6(d) i8S2 6^±l:S2gg^ 

T<&£o C(DS2|@^Mf 121^82 6© 
«Hfc»fifcbfcE«^*->2 2(7)±lrlS«-r^c:<h 5 b 

[0 0 2 9] 0 6 (d) tt* 2 JS B <o¥£#3£^ 1 2 <Dffl 

mm&t&Bm 2 6\z±? t&±?z>£ th\z, mm*? 

-> 2 2 £t&»B 2 6 i:i9tMl/fc««T**. J§ 
KH«c*5itS*«**^i 2©TOEll;^fc«* : f 

ft 2 8 *»fifrT*. 2 6 Ogffich^tt*^ 1 2 

©««*B^WJ«ffii:ttn-Ka»i<t^T^^ 06 
(e) \ttb»M 2 6 i:****^ 1 2 ®tt&*B?K?j£Bil:: 

stmrt*->2 2«:»j«;bfc«i6Tr**. e»/**-> 

2 2IC^^«^* : F1 2©««JB J p£«ftttlCttttaft 

[0030] i 2^^e>ir±^(-«®-r^« 
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*f 1 2 0 + Fa11{c*g^S2 6 *Ktt*c:il;:J:0, ¥ 

[0 0 3 1] **!S»«0^8l#:«»Ttta6S 3 0 

10 *&*5fcUTV^. *ifc. SS3 O^AJRffiSrffifflr 
£££Kl<kD, *« 3 0 3^6©IM*«tt*«I±S'ti-, E 

jasffiicsKsnfe^wtts^i 2 ^saa- 

UffltSdttt^if 1 2££&<Bf§ : et-£J:5& 
«<&KW»-C*S. *Jfc, 5 KS« 3 0 

©— *©iBiZ)*fcEIMift«»fc«^tt» Sffi30Offi 
*MIHSi:l)[»7/>t»DWn»ftllMt*S6l: 

&w-?zz.t&»imizte2>. 

[0 0 3 2] jiib&*ss^S8t«, ^aaasMH 5 - 

[0 0 3 3] 

50 \Hm\z*m&m^*mwL\,tczt\z&~DX, *mw*=f- 
&gii&T&mLfzfrrz%T*mftm&izigm?zct 

£pJffi£T£o #JBfc»ffi3*l^E»^^->tt9:^*: 

[Hi] *«Wtff«4 £ W#«BO«JB*ttt»-rKW 
[0 2] *»W»i«**»#lliBO*a*tt*«"J"l8W 
[0 3] aS«t«»«tffi7^^A«:ffi»-r*#tt«:*T 
[0 4] *«W»C«S¥«(*ISO5^ttfi)tS:*-r»rilS0T 

50 [0 5] *«wt»s*?»**l«a)»<o*lls»»o«jsat 
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